Peroxidases are enzymes which in the presence of hydrogen peroxide catalyze the oxidation of many phenols, aromatic amines and diamines ; the nascent oxygen formed by peroxidase can be utilized for the oxidation. In 1855 Schönbei ni found that plant and animal tissues, just like ferrous salts, were able to activate hydrogen peroxide or other peroxides so that guaiac tincture was colored blue by oxidation. Most of the biochemical work has been carried out with horseradish, milk or leucocytes, and the peroxidase activity has usually been measured by the purpurogallin number which is caused by the oxidation of pyrogallol. In this study, the peroxidase reactions of plants are examined with the peroxidase stain utilized in hematology, and the differences between the reactions of plants and blood cells are discussed.
Peroxidases are enzymes which in the presence of hydrogen peroxide catalyze the oxidation of many phenols, aromatic amines and diamines ; the nascent oxygen formed by peroxidase can be utilized for the oxidation. In 1855 Schönbei ni found that plant and animal tissues, just like ferrous salts, were able to activate hydrogen peroxide or other peroxides so that guaiac tincture was colored blue by oxidation. Most of the biochemical work has been carried out with horseradish, milk or leucocytes, and the peroxidase activity has usually been measured by the purpurogallin number which is caused by the oxidation of pyrogallol. In this study, the peroxidase reactions of plants are examined with the peroxidase stain utilized in hematology, and the differences between the reactions of plants and blood cells are discussed.
Human blood specimens and twenty-six different plants were used here. Thin sections of fresh plants obtained by the use of microtom or razor blades, were mounted on slide glass. Blood smears and plant materials (thin section or sap) were stained with the following solutions I) NAS-Benzidine When the peroxidase reaction is positive, the tissue sections or leucocytes appear in shades of deep blue to violet in the benzidine reaction, while yellow to dark brown in the orthophenylenediamine reaction (Fig. 1) . Table 2 . Peroxidase relction for 90 seconds with the benzidine solution (NAS-Benzidine solution) of plant and animal tissues after exposure to the primary alcohols.
+ (positive reaction), ± (weakly positive reaction), -(negative reaction). Table 3 . Peroxidase reaction for 3 minutes with the orthophenylenediamine solution of plant and animal tissues after exposure to the primary alcohols.
granulocytes and horse-radish were not inhibited by five minutes' exposure to ethanol, propyl-, butyl-, amyl-and hexyl-alcohols, while the granulocytes were inhibited by methanol although the horse-radish was neither inhibited nor activated.
In general, methanol is not thought to be an inhibitor for the biochemical peroxidase reaction. On the other hand the inhibiting action of methanol upon the histochemical peroxidase reaction of leucocytes has been reported by many authors.", 6, 7 ' 8 This is a characteristic alcohol which rapidly fixes the leucocytes and intensely inhibits their peroxidase reaction in two or three minutes. However it should be noted that the acid peroxidase reaction' of erythrocytes with the benzidine solution is slightly activated by methanol rather than inhibited. This activation is presumably due to the formation of hematin from hemoglobin."
In the peroxidase reaction with the orthophenylenediamine solution, the nuclei of human neutrophils and eosinophils were inhibited by five minutes' exposure to methanol, while the nuclei of bulb cells of a stone-leek as well as the root tissue of a horse-radish were not influenced (see table 3 ). The histochemical peroxidase reaction of erythrocytes with the orthophenylenediamine solution is essentially negative.
As to the peroxidase reactions with the pyrogallol as well as guaiacol solutions widely utilized in the biochemical method, the granulocytes indicated almost similar results to the reaction positive plant tissue under normal condition. Namely, brown or greenish brown granules appeared in the cytoplasms of neutrophils and of eosinophils, but not in erythrocytes, and yet, the peroxidase reaction of the granulocytes with pyrogallol or guaiacol solution was inhibited by five minutes' exposure to methanol, while the reaction of plant tissue was not (table 4) . On the contrary, the inhibition test with potassium cyanide did not show any difference between leucocyte and horse-radish as presented in table 5. In other words, potassium cyanide inactivates both plant and leucocyte, while methanol does only the leucocyte. Furthermore, it is worthy of special comment that the blood smear is different from the usual plant materials in the state in which the peroxidase or peroxidase reacting substance is contained. Namely, in blood smear preparation, the peroxidase reaction positive substance of granulocytes is present in an air-dried condition, and the positive reaction is identified only when the colored reaction product is waterinsoluble and intensely adsorbed or absorbed in the cell bodies. On the other hand, the biochemical peroxidase reaction, where pyrogallol, Study on the Peroxidase Reactions of Plants and Blood Cells 295 Table 4 . Peroxidase reaction of leucocyte and plant with various substrates (hydrogen donors) alter exposure to methanol for 5 minutes.
*=NAS-Benzidine solution for 2 minutes (counterstained with carbolfuchsin in leucocyte). **=Ortho-phenylenediamine solution for 5 minutes (counterstained with eosin in leucocyte). ***= Mixture of 10 cc. 1% pyrogallol and 1 gt.
11202 for 5 minutes (counterstained with neutral red in leucocyte). ****= Mixture of 10 cc . 1% guaiacol and 1 gt. 3% H202 for 2 minutes (counterstained with carbolfuchsin in leucocytes). guaiacol, leucomalachite green or ascorbic acid are commonly utilized for the hydrogen donors, depends upon the development of colored reaction products which are homogenously dissolved in aqueous media. The best example of this is a peroxidase reaction of a thin section of horse-radish with the benzidine solution, in which case an intense reaction distinctly occurs although its deep blue reaction product is hardly adsorbed to the thin section itself.
Judging from these results, it will be seen that the color reactions of plants with the benzidine or pyrogallol solution almost run parallel with those of blood cells under normal condition, but that the peroxidase reacting substance of plants seems to be different from that of human leucocytes in the resisting power against methanol, furthermore it's inferred that the reacting substance in plants is rather similar to that of erythrocyte which is stable to the methanol fixation. 
